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Where R and R’ are independently selected from H, OH, OCH,,CH,, N, SH, NCO, NC§,

SCN, NH,, F, Cl, NR"R™, where R" & R™ are independently selected from H or small chain alkyl
X =10, 5, CH, or BH,

M is a ribose, deoxyribose, a ribenucleaside or a deoxyribonucleoside connecied to each other by
phosphodiester or any other linkage, and one or more N's may be labeled

n 15 between 2-10{

linker is a linear or branched alkynyl, alkenyl, alkyl, alkylaryi, aryl, arylalkyl containing one ar
more heteroatoms and is attached ta the base

Structures of prefered OTNTPs
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Figure 1: Structures of prefered OTNTPs
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Figure 2: Synthesis of a nucleoside phosphoramidite for making OTNTPs
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OLIGONUCLEOTIDE TAGGED
NUCLEOSIDE TRIPHOSPHATES (OTNTPS)
FOR GENETIC ANALYSIS

BACKGROUND OF THE INVENTION

1. Field of the Invention

A new class of nucleoside triphosphates that contain an
oligonucleotide of random or defined sequence attached to
the base and are substrates for polymerases and terminal
nucleotidyl transierases 1s described. The present invention
turther describes new reactive bifunctional linker amidites
that can be used for the synthesis of the new class of
nucleoside triphosphates. Furthermore, this 1nvention
describes the methods of making these amidites and triph-
osphates as well as methods of using these nucleoside
triphosphates for genetic analysis.

2. Description of Related Art

Sequencing of human and other genomes has provided an
array ol opportunities in genetic analysis for the purposes of
improving human and animal health, food and water safety,
forensics, crop protection, etc., to name a few. Genotyping
of individuals and populations will allow the feasibility of
tailored therapies suited to individuals or patient groups.
Identifying metabolic differences in patient groups based
upon genetic polymorphism will provide improved dosing
regimens, enhancing drug etlicacy and safety. Understand-
ing the genetic basis of disease will provide new drug
targets, decrease drug development costs, increase chances
of success 1n clinical development and overall maximize
commercial potential. Similarly understanding the genetic
basis of disease 1n animal and plants will help engineer
disease resistant animals & crops as well as enhance desir-
able characteristics.

In addition to looking at genetic differences, differential
expression analysis of various genes 1s very important. In
many cases, genes relevant for a particular disease may be
expressed 1 very low copy number. Identifying and quan-
titating these low copy genes requires very high sensitivity
assays and will generally require some type of amplification.

A number of amplification methods, such as Ligase Chain
reaction (LLCR), Polymerase Chain Reaction (PCR), Strand

Displacement  Amplification  (SDA), Self-Sustained
Sequence Replication (3SR) also known as Nucleic Acid
Sequence Based Amplification (NASBA), QB Replicase
amplification and Rolling Circle Amplification (RCA), have
been developed (J. Virological Methods, 1991, 35,
117-126). A generally accepted definition of amplification
and the term amplification, as referred to herein, includes
making copies ol an original sequence and/or a complemen-
tary sequence. Most of these methods have high background
as sequences being amplified although unmique are not sub-
stantially different from sequences in other regions of the
genome. Therefore a method that adds a highly unique
sequence to the target for amplification and/or detection can
provide higher sensitivity and hence 1s desirable.
Fluorescence detection methods are widely used ifor
detection of DNA or RNA due to their high sensitivity and
lower toxicity compared to radiolabels. For a number of
applications and especially for multiplexing, several fluoro-
phores with distinguishable characteristics are required. For
example, 1n sequencing, 4 different fluorescent dyes are used
to distinguish different nucleoside bases. An 1deal set of dyes
will absorb at the same wavelength, but emit at readily
differentiable wavelengths at similar intensities. Unfortu-
nately, it 1s extremely dithicult to find such a set of dyes. In
order to circumvent this problem, fluorescence energy trans-
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2

fer systems have been designed, where a single dye 1s used
to absorb energy which then acts as a donor to transier
energy to a set of acceptor dyes emitting at different wave-
lengths. For genetic analysis, including sequencing, energy
transfer systems have been used in two ways; primers

labeled with energy transier dyes (Ju. J. et. al., Proc. Natl.
Acad. Sci. USA 1993, 92, 4347-4351; Hung S. C. et. al.,

Anal. Biochem. 1996, 243, 15-27 and Hung S. C. et. al.,
Anal. Biochem. 1997, 252, 78-88) and nucleoside triphos-
phates labeled with energy transier dyes (Rosenblum B. B.
et. al., Nucleic Acids Res., 1997, 25, 4500-4504; Lee L. G.
ct. al., Nucleic Acids Res. 1997, 25, 2816-2822; Nampalli,
S. et. al. Tet. Lett. 2000, 41, 8867-8871; Lee L. G. et. al.,
1999, U.S. Pat. No. 5,863,727; Kumar S, et. al. 2000, PCT
WO 00/13026; Rao, T. S. et. al., Nucleosides, Nucleotides &
Nucleic Acids, 2001, 20, 673—6776). The latter 1s desirable as
it 1s easier to separate labeled nucleoside triphosphates from
labeled product than labeled product from labeled primer. In
addition labeled primers also result in higher background as
all extension products are labeled.

However, energy transier between dyes attached to dif-
ferent bases on a primer has been found to be more eflicient
than when the dyes are attached to each other via other
linkers. The reasons for this are not well understood, but it
1s possible that the right conformation with the linkers tried
so far, has not been achieved or the DNA bases somehow
facilitate the energy transfer. Therefore i1t 1s desirable to
combine the desirable properties of both systems.

Accordingly, there 1s a need for high sensitivity, high
specificity methods that are easily multiplexed. This concern
1s addressed 1n greater detail below.

SUMMARY OF THE INVENTION

The current invention provides methods that will reduce
background and hence increase sensitivity of many of the
amplification techniques described above. The current
invention provides oligonucleotide tagged nucleoside triph-
osphates, OTNTPs, which are substrates for polymerases
and or terminal nucleotidyl transferases as well as methods
of making these OTNTPs. The current imnvention further
provides OTNTPs with fluorescent dyes including energy
transfer dyes, attached to the oligonucleotide chain,
OTNTPs with unnatural bases incorporated in the oligo-
nucleotide sequence and methods for incorporating these
OTNTPs in DNA or RNA

Additionally, the current invention provides methods for
using the oligonucleotide on OTNTPs for amplifying the
oligo sequence on the OTNTP using an amplification
method described above. The current invention provides
reactive bifunctional amidites, methods of making these
compounds and methods for detecting single nucleotide
polymorphism using OTNTPs of the current invention.
Further, the current mnvention provides methods for detect-
ing differential gene expression using OTNTPs of current
invention. Finally, the current invention provides methods of
separating specifically modified DNA or RNA using
OTNTPs of the current invention.

Disclosed are compositions and methods of making reac-
tive bi-functional amidites and OTNTPs as well as methods
ol incorporating these OTNTPs mto DNA or RNA. These
methods are useful for detecting genetic variations as well as
differential gene expression. Due to target discrimination at
two levels (target specific hybridization and primer exten-
sion) and ease of multiplexing due to energy transfer dyes,
this method 1s suitable for genetic analysis requiring high
sensitivity and specificity. Additional sensitivity can be
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achieved by incorporating unnatural bases in oligonucle-
otide sequence of OTNTPs that code for another unnatural
base and not for any of the natural bases and/or by omitting
one or more of the natural bases. One of the reasons for low
sensitivity ol many assays 1s the background generated by
non-speciiic hybridization of probes to the target. This can
be a major problem 1n assays where the signal 1s further
amplified after hybridization. By incorporating unnatural
bases or by omitting one or more of the natural bases 1n the
oligonucleotide sequence of OTNTP’s, 1t should be easier to
control non-specific hybridization of probes or targets to this
sequence, thereby reducing background and hence enhance
sensitivity. A preferred embodiment of present imvention
consists of hybridizing a primer to a pre-amplified target,
incorporating an OTNTP terminator of the present invention
bearing a fluorescent donor and acceptor dye, separating the
unincorporated OTNTPs from labeled primer and 1dentify-
ing the OTNTP incorporated. OTNTP terminators are
OTNTP which after incorporation of the terminator do not
support further primer extension.

Another preferred embodiment of this method consists of
target specific hybridization of a primer, extension of the
primer with OTNTPs, where each terminator representing a
different base has a specific oligonucleotide sequence asso-
ciated with that base, removing the unincorporated termi-
nators, ampliiying the incorporated OTNTP sequence using,
rolling circle amplification and detecting the amplified
sequence using methods known in prior art. Yet another
preferred embodiment of this invention consists of labeling
cDNA using OTNTPs of the current invention. The above
features of the invention will become more fully apparent
when the following detailed description of the mvention 1s
read in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1: Structures of preferred OTNTPs.
FIG. 2: Synthesis of a nucleoside amidite for making
OTNTPs.

FIG. 3: Synthesis of a bifunctional linker amidite.
FIG. 4: Synthesis of a fluorescently labeled OTNTP for
direct detection after incorporation.

FIG. 5: Synthesis of a fluorescein labeled OTNTP with a
T sequence as an oligonucleotide tag.

FIG. 6: Synthesis of Energy-Transier oligonucleotide

tagged dideoxynucleoside-5'-triphosphate (ddNTP).

FIG. 7: Sequence data from sequencing of M13 (M13mp
18 (+)) template using FAM-linker-ddUTP (where FAM 1s
carboxy-tluorescein).

FIG. 8: Sequence data from sequencing of M13 template
using compound 19 (see F1G. 4), FAM-LpLp-linker-ddATP
(where Lp 1s deoxyribose-3'-phosphate).

FIG. 9: Sequence data from sequencing of M13 template
using FAM-(T).-ddUTP.

FIG. 10: Sequence data from sequencing of M 13 template
using FAM-LpLpLpLpLpLpLpT*-linker-ddUTP; Lp 1s as
defined 1n examples.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

The mvention 1s based on the discovery that nucleoside
triphosphates bearing an oligonucleotide on the base, are
substrates for DNA polymerases. One skilled in the art
would appreciate that after incorporation, the oligonucle-
otide sequence on the base can act as any other oligonucle-
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otide sequence. Hence, it can be used as a template or a
primer for further manipulations, such as amplification, or as
a target for a labeled probe.

The predominant method used today to sequence DNA 1s
the Sanger method (Proc. Natl. Acad. Sci. 1977, 74, 5463)
which mvolves use of dideoxynucleoside triphosphates as
DNA chain terminators. All high throughput-sequencing
systems use this approach in combination with use of
fluorescent dyes. The dyes may be attached to the terminator
or be a part of the primer. The former approach is preferred
as only the terminated fragments are labeled. As described
carlier for multiplexing energy transier fluorescent dyes are
preferable over the use of single dyes.

Use of fluorescence resonance energy transier primers has

been described by Ju, J. et. al. (Proc. Natl. Acad. Sci. USA
1993, 92, 4347-4331). Primers were designed based on the
concept 1n which fluorescein was attached to the 5'-end of
the primer as a common donor and a rhodamine dye (R110,
REG, TAMRA and ROX) was attached at an optimal dis-
tance using a modified T 1n the primer. Optimal distance was
determined by measuring the emission of acceptor dye by
varying the distance between the donor and acceptor dyes.
This distance was found to be 10 bases for this combination
of dyes. Optimal distances are expected to vary with com-
bination of dyes used. Somewhat shorter or longer than
optimal distances may also be acceptable as long as suili-
cient energy transfer suitable for detection does occur.

In another approach an abasic oligo bearing both donor
and acceptor was synthesized and attached to the 5'-end of
a primer using a disulfide linkage (Berti, L. et. al., Anal.
Biochemistry, 2001, 292, 188—-197). In both cases, however,
the label was on the primer. It 1s well known 1n the art that
use of labeled primers generally gives higher background
than labeled terminators. It 1s therefore, an object of the
current invention to provide DNA chain terminators with
energy transier dyes having high quantum yields. The cur-
rent mvention differs from the prior art 1n that the labeled
oligonucleotide bearing both donor and acceptor are part of
the terminator and the primer 1s only labeled when one of
these OTNTPs 1s incorporated.

The OTNTP terminators of current invention that are
labelled with energy transier dyes also differ from the energy
transier terminators known in the prior art (Rosenblum B. B.

et. al., Nucleic Acids Res., 1997, 25, 4500-4504; Lee L. G.
et. al., Nucleic Acids Res. 1997, 25, 2816-2822; Nampalli,
S. et. al. Tet. Lett. 2000, 41, 8867-8871:; Lee L. 5. et. al.,
1999, U.S. Pat. No. 5,863,727; Kumar S, et. al. 2000, PCT
WO 00/13026; Rao, T. S. et. al., Nucleosides, Nucleotides &
Nucleic Acids, 2001, 20, 673-676) 1n that the two dyes
(donor & acceptor dye) are not linked together but attached
to different bases on the OTNTP oligo and allow for a better
and easy control over distance between the two dyes. The
OTNTP of current invention are represented by formula 1 as
shown below.

Formula 1

Nn
/

O O O X Lmker

\\/ AV V4

/\/\/\/\(

Base
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wherein
R and R' independently represent H, OH, OCH,, CH,, N,
SH, NCO, NCS, SCN NH,, F, CI or NR"R",
wherein R" and R™ independently represent H or a
small chain alkyl, such as C1-C5 alkyl.

X represents O, S, CH; or BH;;

Base represents uracil, cytosine, thymine, adenine, gua-
nine, hypoxanthine, 2-aminopurine, 2,6-diaminopu-
rine, xanthene, deazaadenine, deazaguanine or an ana-
log thereof;

Linker represents a linear or branched alkynyl, alkenyl,
alkyl, alkylaryl, aryl, or arylalkyl contaiming one or
more heteroatoms selected from the groups consisting
of N, O, S and P, and 1s attached to the base at the N4
or C35 position of pyrimidines or N6, C7 or C8 position
of purines or other sites when modified bases are used;

N represents a ribose, deoxyribose, a natural or unnatural
deoxyribonucleoside or a natural or unnatural ribo-
nucleoside, optionally containing a detectable moiety;

n represents an nteger from 2 to 100; and

wherein each N i1s linked to at least one other N by
phosphodiester, phosphorothioate, alkyl phosphonate,
or other linkages.

The present invention describes methods of incorporating,
OTNTP’s of current invention mto DNA or RNA using
DNA or RNA polymerizing enzymes. These methods
include incubating a DNA or RNA sample with or without
primer, in the presence of one or more OTNTP’s of current
invention and one or more of the DNA or RNA polymerizing
enzymes. DNA polymerizing enzymes include DNA poly-
merases, reverse transcriptases and terminal deoxynucleoti-
dyl transierases. RNA polymerizing enzymes include RNA
polymerases, primases and terminal nucleotidyl trans-
ferases.

The present invention also describes methods of detecting,
a specific nucleotide sequence in a biological sample. The
methods comprise the following steps:

1) hybridizing a sequence specific primer to the target

molecule,

2) sequence specifically extending the primer using a set

of OTNTPs of formula 1, and either

3a) detecting the incorporated base via detecting the label

attached to OTNTP or using a labeled probe specific for
the OTNTP sequence, or

3b) amplitying the OTNTP sequence using any one of the

several known amplification methods and detecting the
amplified product using methods known 1n the art

4) optionally quantifying the amount incorporated.

It should be noted that the oligonucleotide sequence of an
OTNTP might also be used as an aflinity tag to separate
oligonucleotide/DNA sequences where this OTNTP has
been incorporated. In this aspect of the invention, the
oligonucleotide sequence of the OTNTP acts as an aflinity
tag. This athmity tag may be added sequence specifically
using a polymerase and one of the OTNTP’s. It can then be
captured on to a solid support using a complementary
oligonucleotide sequence (complementary to the sequence
of the athnity tag) to 1solate only the DNA or RNA 1ncor-
porating a particular OTNTP. Once captured, the unbound
material can be readily washed away and captured sequence
may be eluted from the solid support by washing with a
denaturing bufiler.

Alternatively, 1t 1s possible to add this athinity tag to all
DNA or RNA present 1n a sample using a terminal nucle-
otidyl transferase (deoxynucleotidyl or ribonucleotidyl) and
an OTNTP with deoxyribo or ribose sugar. This could be
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uselul for separating DNA or RNA from a mixture of DNA,
RINA, protein and other components 1n the sample.

The length of oligonucleotide on the OTNTP can vary and
the desired length 1s a function of application to which these
OTNTPs are applied. For applications where suilicient
sample 1s available and these OTNTPs are only used for
distinguishing the base incorporated, a length of 2—15 nucle-
otides may be suflicient depending upon the energy transfer
clliciency of the dyes used or the length of probe. If on the
other hand the oligonucleotide tag i1s used as a primer, e.g.
in RCA, a length of 6 or more nucleotides will be required.
Preferably this length would be between 10-25 nucleotides.
Finally, 11 the oligonucleotide on the terminator 1s used as a
template, even longer lengths may be needed. An embodi-
ment of the current invention provides OTNTPs of formula
1, wherein oligonucleotide represents a sequence of bases
ranging 1n length from 2-100 bases and may or may not
contain a label. A label 1s a moiety that can be detected by
any of the methods used 1n prior art, including colored dyes,
fluorescent compounds, mass tags, compounds that generate
luminescence, radiolabels, electrochemical tags.

A preferred embodiment of current imvention provides
OTNTPs of structure 1a—%, (see FIG. 1) where each oligo-
nucleotide 1s labeled with a unique fluorescent dye.

Another embodiment of current invention provides
OTNTPs of structure 1a—~, wherein each oligonucleotide 1s
modified by attachment of a donor dye, which 1s common to
all four nucleotides and an acceptor dye, which 1s unique to
cach nucleotide. Furthermore, a distance appropriate for
energy transier separates these dyes. Most commonly used
energy transier pair 1s fluorescein/rhodamine, but other ET
pairs Cy3/Cy3, Fluorescein/Cy5, Fluorescein/Cy5.5, efc.
have also been successtully employed (U.S. Pat. No. 6,245,
514 B1 and references cited therein) and are incorporated
herein by reference.

Another embodiment of current invention provides
OTNTPs of structure 1la—» where the oligonucleotide
sequence 1s comprised of abasic nucleotides labeled with a
donor and acceptor dye wherein the donor dye 1s common to
all OTNTPs while acceptor dye 1s different for each OTNTP.
Furthermore, the donor and acceptor dyes are separated by
a distance appropriate for energy transier. It should be noted
that the oligonucleotide sequence of the OTNTP 1n this
embodiment could not be used as a template or primer for
further amplification.

Another embodiment of the invention describes a method
of gene‘[ic analysis comprising

a) mixing a sample of DNA or RNA target with a
sequence specific primer in an aqueous buller;

b) adding a polymerase, a set of four OTNTP terminators
bearing unique oligonucleotide sequences to form a
mixture;

¢) incubating this mixture at a temperature suitable for
polymerase activity; and

d) detecting the OTNTP 1incorporated by hybridization
with a labeled probe.

The probe may be labeled with any detectable moiety that
can be uniquely 1dentified. Such detectable moieties include
fluorescent dyes, colored or luminescent moieties, mass tags
and electrochemical tags. Examples of these moieties are
widely available 1n the chemical literature.

Another embodiment of the invention describes a method
of genetic analysis comprising

a) mixing a sample of DNA or RNA target with a
sequence specific primer in an aqueous buller;

b) adding a polymerase, a set of four OTNTP terminators
bearing a detectable label to form a mixture;
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¢) incubating this mixture at a temperature suitable for
polymerase activity for a time suflicient to incorporate
an OTNTP; and

d) detecting the OTNTP incorporated by detecting the
label.

DNA or RNA targets include chemically modified DNA,
which can still hybridize sequence specifically, e.g. bisul-
phite treated DNA. OTNTP terminators are OTNTPs with
modified sugar, e.g. dideoxyribose, so that after incorpora-
tion of OTNTP, further elongation of primer 1s not feasible.

Another embodiment of the invention describes a method
of genetie analysis comprising

a) mixing a sample of DNA or RNA target with a
sequence specific primer in an aqueous buliler;

b) adding a polymerase, a set of four OTNTP terminators
bearing OTNTP specific fluorescent dyes to form a
mixture;

¢) mncubating this mixture at a temperature suitable for
polymerase activity for a time suflicient to incorporate
an OTNTP; and

d) detecting the OTNTP incorporated by detecting the dye
incorporated.

A variety of fluorescent dyes are commercially available
and include fluoresceins, rhodamines, cyanines, bodipy
dyes, coumarins, to name a few. Any fluorescent dye that 1s
stable under the incorporation conditions may be used.

Another embodiment of the invention describes a method
of genetic analysis comprising

1) mixing a sample of DNA or RNA target with a
sequence specific primer in an aqueous buller;

2) adding a nucleic acid polymerase, a set of four OTNTP
terminators bearing a donor and acceptor dye at a
distance optimal for energy transfer each acceptor dye
being specific to a particular base and emitting at a
different wavelength than other acceptor dyes to form
a mixture:

3) mcubating this mixture at a temperature suitable for
polymerase activity for a time suflicient to incorporate
an OTNTP; and

4) detecting the OTNTP incorporated by exciting the
donor dye and measuring the emission from the accep-
tor dye.

As described above, it 1s possible to use the oligonucle-
otide sequence of OTNTPs for amplification. This sequence
can be chosen so that 1t 1s not only unique but also drastically
different from any possible sequences that can be found
naturally. This can be achieved by adding unnatural bases to
the sequence that code for either themselves or other unnatu-
ral bases. Examples of these unnatural bases are cited 1 Lei
Wang et. al. J. Am. Chem. Soc. 2000, 122, 5010-5011 and
references therein and are incorporated herein by reference.

Another embodiment of current invention describes a
method of genetic analysis by

a) n11x1ng a DNA or RNA target with a sequence specific
primer 1in an aqueous builer,

b) adding a polymerase and a set of OTNTP terminators
to form a mixture,

¢) incubating the sample at a temperature suitable for
polymerase activity for time sutlicient to incorporate an
OTNTP,

d) separating the extended primer from unincorporated
OTNTPs,

¢) adding a set of 4 single stranded circular DNA each
having a different sequence, complementary to one of
the four oligonucleotide sequences of the OTNTPs,

1) adding DNA polymerase suitable for RCA and other
reagents (ANTPs, bufler, salts, etc.) required for RCA,
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g) performing RCA by incubating at appropriate tempera-
ture for a time suflicient for amplification, and

h) detecting the signal by hybridizing the RCA product
with sequence specific ampliflours or molecular bea-
cons.

Amplitluors and molecular beacons are oligonucleotides
bearing a fluorescent dye and a quencher dye. As such these
oligonucleotides exist 1 a three-dimensional structure
where the fluorescence of the fluorescent dye 1s completely
or partially quenched. Upon hybridization to target (in this
case amplified RCA product), the fluorescent dye and
quencher are pulled apart and fluorescence 1s no longer
quenched.

Another embodiment of current invention provides
OTNTPs of the structures shown 1n 1a—#, of FIG. 1, where
the oligonucleotide contains one or more unnatural bases.

In another type of homogenous assay, gamma labeled
dNTPs may be used during amplification. Gamma labeled
dNTPs used in this method are labeled with dyes that either
fluoresce only after being released from dNTP and removal
of phosphate groups or emit at a different wavelength as a
free dye. Examples of these dyes include but are not limited
to 7-hydroxy-acridin-2-one’s, 7-hydroxy-coumarins, resoru-
fin, etc. to name a few. In addition to fluorescent dyes, 1t 1s
possible to use other chromogenic substrates that have
measurably different properties in the free form from when
they are attached to the gamma phosphate of ANTP. Some of
the examples of ehrenlegenie substrates usetul 1n this mven-
tion are disclosed 1n U.S. Pat. Nos. 5,191,073; 5,208,326;
4,932,871, 5,183,743; 4,810,636 and 35,122, 608 and are
incorporated herein by reference. The dyes deseribed here
are for the purpose of providing examples and 1 no way
should be considered to be limiting the scope of this mnven-
tion.

Another embodiment of current invention describes a
method of genetic analysis by

a) n11x1ng a DNA or RNA target with a sequence specific
primer 1n an aqueous buliler,

b) adding a polymerase and a set of OTNTPs to form a
mixture,

¢) incubating the mixture at a temperature suitable for
polymerase activity for a time suflicient to incorporate
a terminator

d) removing unincorporated terminators
extended primer

¢) adding a set of 4 single stranded circular DNA each
having a sequence different from others and 1n such a
manner that the ratio of G,A, T and C for each sequence
1s substantially different from others, and at the same
time part of the sequence being complementary to one
of the four oligonucleotide sequences of the OTNTPs,

1) adding a DNA polymerase suitable for RCA, a set of 4
gamma labeled dANTPs (as described above) and other
reagents (bufler, salts, etc.) required for RCA and a
phosphatase,

g) performing RCA by incubating at appropriate tempera-
ture for a time sutlicient for amplification or until all the
nucleotides are consumed, and

h) measuring the ratio of dyes released and hence 1den-
tifying the sequence amplified.

The ratio of G,A,T,C 1n different circles has to be sub-
stantially different from each other so that the ratio of dyes
released for amplification of one circle can be easily differ-
entiated from the ratio of dyes released 11 a diflerent circle
was amplified. For example, 11 the ratio of dyes released
from amplification of one circle 1s 1:1:1:1 and for a different
circle 1t 1s 1:1:0.95:1, 1t may not be possible to differentiate

from the
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between the two. If on the other hand these ratio are
1:1:0.5:1 vs 1:1:1:1.23, they should be readily diflerentiated.

Further, 1t 1s possible to come up with a fairly unique
sequence using natural bases by totally omitting one or two
of the bases 1n the sequence. It 1s further preferred that 1n the
above mentioned embodiment, each of the circular template
used for RCA and the oligonucleotide tags on OTNTPs
consist of nucleotides representing only 3 of the four natural
bases. The missing base 1n each circle and the complemen-
tary oligonucleotide tag 1s diflerent from the missing bases
in other circles and oligonucleotide tags. In this preferred
embodiment, when each gamma labeled dNTP 1s labeled
with a different dye, only three of the four dyes will be
released and hence readily identity the sequence amplified.

As described earlier, a number of amplification methods
have been developed for the amplification of target oligo-
nucleotide and can be used i1n conjunction with current
invention. For example, the oligonucleotide tag on the
incorporated OTNTP may act as a primer or template 1n
PCR, LCR or SDA, a primer in 3SR and RCA (as described
above) or a target for amplification by Qp Replicase.

Thus, another embodiment of current invention describes
a method of genetic analysis by

a) mixing a DNA or RNA target with a sequence specific

primer 1 an aqueous builer,

b) adding a polymerase and a set of OTNTPs to form a

mixture,

¢) mcubating the mixture at a temperature suitable for

polymerase activity for a time suflicient to incorporate
a terminator,

d) separating the unincorporated OTNTPs,

¢) amplifying the terminator oligonucleotide sequence

using one ol amplification method known 1n the art,

1) identitying amplified sequence by one of the methods

known 1n the art.

It should be noted that separation of unincorporated
terminators may or may not be essential or may be carried
out after amplification. For example 11 the original primer 1s
attached to the surface, the oligonucleotide tag of the incor-
porated OTNTP will get anchored to the surface and hence
any amplification of this tag may also remain anchored to the
surface. So even 1f the umincorporated OTNTPs are not
removed prior to amplification, they can be washed off in
subsequent steps. It 1s also possible to detect this anchored
product using internal reflectance fluorescence microscopy
without having to separate the unanchored products.

Another embodiment of current invention describes a
method of detecting differential gene expression by using
the OTNTP’s of the present invention. Monitoring expres-
sion of different genes in different tissues (diflerent tissue
types, same type of tissue at different stages of development
or normal vs. diseased tissue) 1s of great importance 1n
determining the role of various genes 1 development of
different organs or diseases. Methods for detecting this
differential expression generally imvolve following steps:

a) separately amplifying the messages 1n two tissues by

making multiple copies of labelled message using a
labelled NTP or corresponding labelled cDNA using a
labelled dNTP (a different label 1s used for each tissue
sample)

b) mixing the two amplified products

¢) separating the labelled messages or cDNA copies on a

DNA chip by hybridization, and

d) detecting the site and ratio of two labels on the chip.

While site determines the gene being expressed, the ratio
indicates the amount of expression of that gene 1n different
tissues. OTNTP’s of the current invention can be used for
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this purpose. In this case an OTNTP with one oligo sequence
1s 1corporated 1n messages of one tissue sample and an
OTNTP with same base but a different oligo sequence 1s
incorporated 1n the messages of other tissue sample. After
mixing the samples and separating the messages on a chip,
the site and amount of two oligo sequences of OTNTP’s can
be determined by any one of the methods described above.
An advantage of using oligo tags vs other detectable moi-
eties such as fluorescent dyes 1s that signal can be further
amplified by amplifying the oligo tag sequence.

In order to make these OTNTPs, a variety of methods are
available that can be classified into two categories, solid
phase methods and mixed solid/solution phase. In solid
phase methods, the complete OTNTP 1s synthesized on a
solid support and after cleavage and deprotection 1s purified
for use 1 genetic analysis. In mixed solid/solution phase
methods, the oligonucleotide 1s synthesized on the solid
support and then attached to the nucleoside triphosphate 1n
solution. Thus, another embodiment of this mvention pro-
vides a method of making these OTNTPs on solid support
(F1G. 5) comprising following steps:

a) Synthesizing the desired oligonucleotide sequence on a
solid support using routine automated DNA synthesis
using fast deprotecting protecting groups on DNA
bases,

b) Adding a reactive group to the oligonucleotide using a
reactive bifunctional amidite of the present mvention
described below,

¢) Incubating the solid support with a functionalized
nucleoside triphosphate where the functional group 1s
capable of reacting with the second reactive functional
group of the bifunctional amidite,

d) Cleaving the oligonucleotide from support and depro-
tecting the bases.

Functional group on ddNTP could be an amino (for
example a propargylamino group routinely used for labeling
nucleotides, Prober et. al., Science, 1987, 238, 336-341)
which can react with an NHS ester group of bifunctional
amidite, a thiol group reacting with maleimide, etc.

Another embodiment of the present invention provides a
method of making an OTNTP on a solid support comprising
following steps

a) Synthesizing the desired oligonucleotide sequence on a
solid support using routine automated DNA synthesis
using fast deprotecting protecting groups on DNA
bases,

b) extending with modified nucleoside amidite carrying
the amidite moiety at the base (as shown 1n example 1),

¢) deprotecting the 5'-OH group and phosphorylating the
5'-OH to give a triphosphate as described in the litera-
ture,

d) cleaving the OTNTP from the support and deprotecting,
the said OTNTP.

Another embodiment of the present invention describes a
method of making OTNTPs 1n solid/solution comprising
following steps

a) Synthesizing an oligonucleotide of desired sequence on
a solid support and attaching a protected amino or thiol
modified linker to the 5'-position of the oligonucleotide
or having a phosphorothioate backbone on the 3'-end,

b) Cleaving the oligo from the support and deprotecting
the bases and the 5'-amino or thiol group,

¢) Reacting the functionalized oligo with a nucleoside
triphosphate modified to contain a maleimide, epoxide
or NHS ester on the base.

Another embodiment of current invention provides reac-

tive bifunctional amidites of structures described below.
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Some Examples of Bifunctional Linker Amidites

O
R RH
/
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R RH
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| \
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O

Where linker 1s linear or branched, saturated or unsatur-
ated, acyclic, cyclic or aromatic compound and may
contain one or more heteroatoms, such as, S, O, N or P

R 1s a non-reactive polar or non-polar group

R' 1s small alkyl or cvanoethyl and R" and R™ are
independently selected from C,—C, linear or branched
alkyl or where R" and R' form a 5—7 membered cyclic
structure and may contain an additional heteroatom

Another embodiment of current invention describes meth-
ods of making reactive bifunctional amidites. These amid-
ites can be made by using a bifunctional linker alcohol and
attaching a reactive group to the non-hydroxyl functional
group. The hydroxy group is then reacted with tetraisopro-
pvlcyanoethylbis-phosphoramidite to give the reactive
bitunctional amidite of the current invention. It should be
noted that the non-amidite reactive functional group of this
bitunctional amidite 1s stable enough to at least one cycle of
coupling (tetrazole/acetonitrile) and oxidation (1odine/wa-
ter/pyridine or 3H-1, 2-benzodithiol-3-one-1,1 -dioxide
(Beaucage reagent)) conditions used for oligonucleotide
synthesis.

The 1nvention 1s further described by reference to follow-
ing examples. These examples are provided for illustrative
purposes only and should not be construed as limiting the
appended claims and the scope of this invention. The current
invention should encompass any and all variations that
become evident from the teachings provided herein.

EXAMPLES

The following examples are for illustration purposes only
and should not be used 1 any way to limit the appended
claims. Numbers that appear in bold below refer to the
numbered compounds in FIGS. 24

Example 1

Synthesis of a Dideoxynucleoside-Linker Amadite,
an Intermediate for Synthesis of Oligo Nucleotide
Terminators (see FIG. 2).

S'-O-Dimethoxytrityl-S-propargylamino-2',3'-dideoxyuri-
dine (3).

S-Propargytrifluoroacetamido 2',3'-dideoxyuridine (1, 1.0
g, 2.7 mmol) was dried by coevaporation with dry pyridine
(2x10 ml), then 1t was dissolved in dry pyridine (10 ml) to
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which DMT-CI (1.12 g, 3.3 mmol) was added. The reaction
mixture was stirred at room temperature for 2.5 h, diluted
with dichloromethane (75 ml) and washed with water (50
ml). Organic layer was dried (sodium sulfate), evaporated
and the residue was coevaporated with toluene to remove
traces of pyridine. The foam obtained was dissolved in
methanol (20 ml) to which ammonium hydroxide (20 ml)
was added. The mixture was stirred at room temperature for
3 h and evaporated to a small volume. The aqueous layer
was extracted with dichloromethane. The organic layer was
dried over sodium sulfate and evaporated. The residue was
purified by silica gel column chromatography using 0—6%
methanol-dichloromethane as the eluent. The appropnate
fractions containing the product were collected and evapo-
rated to give 1.15 g of 3.

"H-NMR (CDCl,): 8: 1.8-2.25 (m, 3 H), 2.45 (m, 1 H),
3.10 (br, 2H), 3.2 (dd, 1 H), 3.5 (dd, 1 H), 3.80 (s, 6 H), 4.25
(m, 1 H), 5.25 (s, 1 H), 6.05 (dd, 1 H), 6.80 (m, 4 H),
7.20-7.50 (m, 9H), 8.25 (s, 1 H), 11.60 (s, 1 H).

Synthesis of Amino Hexanol Derivative (6).

Compound 3 was dried by coevaporation with dry pyri-
dine (10 ml). The dried substrate was dissolved in a mixture
of dry dichloromethane (15 ml) and pyridine (5 ml) to which
succinic anhydride (0.3 g, 3 mmol) was added. The reaction
mixture was stirred at room temperature for 18 h and the
reaction was quenched by the addition of water (1 ml). After
30 min diluted with dichloromethane (75 ml) and washed
with water. Organic layer was dried (sodium sulfate) and
evaporated.

The product obtained as above was dried by coevapora-

tion with dry DMF (2x10 ml). The dried material was
dissolved 1n DMF (8 ml) to which N-hydroxysuccinimide
(0.28 g, 2.5 mmol), EDC (0.65 g, 3.4 mmol) and triethyl
amine (0.47 ml, 3.4 mmol) were added and the reaction
mixture was stirred at room temperature overnight. DMF
was evaporated and the residue was partitioned between
dichloromethane and water. Organic layer was dried and
evaporated. The residue was dissolved 1n dichloromethane
(10 ml) and 6-amino-1-hexanol (0.7 g, 6 mmol) was added.
The reaction mixture was stirred at room temperature over-
night, diluted with dichloromethane and washed with water.
Aqueous layer was extracted with dichloromethane and the
combined organic layer was dried over sodium sulfate,
evaporated and the residue was purified by silica gel column
chromatography using 0—3% methanol-dichloromethane as

the eluent to give 0.75 g of 6.
'H-NMR (DMSO-d6): 8 1.20-1.50 (m, 7 H), 1.80-2.20

(m 4 H), 2.30 (m, 3 H), 2.90-3.40 (m, 8 H), 3.70 (s, 6 H),
3.81 (d, 1 H), 420 (m, 1 H), 4.30 (t, 1 H), 5.90 (dd, 1 H),
6.90 (m, 4 H), 7.15-7.45 (m 9 H), 7,75 (t, 1 H), 7.82 (s, 1
H), 8.20 (t, 1 H).

Synthesis of Phosphoramidite 7.

Compound 6 was dried by coevaporation with a mixture
of anhydrous acetonitrile and toluene. The residue was
dissolved 1n dry acetonitrile (10 ml) to which 2-cyanoethyl
tetraisopropylphosphorodiamidite (0.35 ml, 1.1 mmol) fol-
lowed by tetrazole (77 mg, 1.1 mmol) were added under an
argon atmosphere. The reaction mixture was stirred at room
temperature for 45 min, diluted with dichloromethane (50
ml) and washed with cold sodium bicarbonate solution (20
ml). Organic layer was dried over sodium sulfate, evapo-
rated and the residue was purified by column chromatogra-
phy to give 0.62 g of 7.

*TP-NMR(CD,CN): 8 147.94 ppm.

After coupling with an oligonucleotide on solid support
and deprotection of the 5'-hydroxyl, 1t can be phosphory-
lated and converted to triphosphate on the solid support by
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previously described methods (R. K. Gaur et. al., Tet. Lett.
1992, 33, 3301-3304; A. V. Lebedev et. al., Nucleosides,

Nucleotides & Nucleic Acids, 2001, 20, 1403 and references
cited therein).

Example 2

Synthesis of a Reactive Bifunctional Amadite

4-(hydroxymethyl)-N-hydroxysuccinimidylbenzoate (9).

To a solution of 4-(hydroxymethyl) benzoic acid in
dichloromethane (15 ml) and pyridine (3 ml) was added
N-hydroxysuccinimidyltrifluoro acetate (3.48 g, 16.5 mmol)
at 0° C. After the addition the reaction was continued at 0°
C. for 5 min and then allowed to warm up by removing the
ice bath. After 20 min the reaction mixture was diluted with
dichloromethane (50 ml) and washed with water (3x50 ml).
Organic layer was treated with methanol (10 ml). It was kept
at room temperature for 20 min, dried over sodium sulfate
and evaporated. The residue was coevaporated with toluene
(10 ml) and drnied under high vacuum to give 1.27 g of the
product.

"H-NMR(DMSO-d,): § 2.85 (s, 4 H), 4.60 (s, 2 H), 7.55
(d, 2 H), 8.05 (d, 2 H).

Phosphoramaidite (10).

To a solution of 9 (0.75 g, 3 mmol) 1n dry acetonitrile (12
ml) was added tetrazole (0.23 g, 3.3 mmol) followed by
2-cyanoethyl tetraisopropylphosphorodiamidite (1.06 ml,
3.3 mmol) under an argon atmosphere. The reaction mixture
was stirred at room temperature for 30 min, diluted with
dichloromethane (100 ml) and washed with cold 0.5%
sodium bicarbonate solution. Organic layer was dried (so-
dium sulfate) and evaporated. Finally it was purified by
column chromatography utilizing 0.5% pyridine-dichlo-
romethane as the eluent to give 1.27 g of the product.

"H-NMR(CD,CN): 8 1.20 (m, 12 H), 2.70 (t, 2 H), 2.85
(s, 4 H), 3.60-4.00 (2m, 4 H), 4.80 (m, 2 H), 7.60 (d, 2 H),
8.10 (d, 2 H); *'P-NMR(CD.CN): 3 149.68 ppm

Example 3

FAM-Aminohexanol-L-PAddUTP

To a solution of diPivFAM-aminohexanol 11 (50 mg) and
bitunctional-linker-phosphoramidite 10 (35 mg) i dry
acetonitrile (1 mL) was added tetrazole (22 mg) and the
mixture was kept at room temperature for 5 min. The
reaction mixture was diluted with dichloromethane and
washed with cold 0.5% NaHCO, solution. The organic layer
was dried over sodium sulfate and evaporated to dryness.
The residue was dissolved in THF (5 mL) and oxidizing
solution (0.1 N, 0.85 mL) was added dropwise. Two min
after the addition the reaction mixture was diluted with
dichloromethane and washed with 0.5% NaHSO,; solution.
Organic layer was dried and evaporated and the residue was
coevaporated with toluene.

To about 20 mg of above obtained material in DMF (1
ml.) was added a solution of PAddUTP (20 umol) in DMF
(1 mL). After stirring for 2 h, 8 mL of pH 9.5 bufler
(carbonate/bicarbonate) and 4 mL of DMF was added and
the reaction continued at room temperature for 20 h. The
reaction mixture was treated with 10 mL of NH,OH for 2 h
and evaporated to near dryness. The residue was diluted with
water and purified by 10n exchange followed by reverse
phase column chromatography.
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Example 4

Synthesis of a Labeled OTNTP in Solution

Coupling of diprvaloylfluorescein-3-carbaxamidohexanol
with DMT spacer phosphoramidite

To a partial solution of fluorescein dertvative (11, 0.26 g,
0.4 mmol) and tetrazole (84 mg, 1.2 mmol) in dry acetoni-
trile (1 ml) was added a solution of DM'T spacer phosphora-
midite (an abasic nucleoside amidite, 12, 0.25 g, 0.4 mmol)
in acetonitrile (1 ml). The reaction mixture was stirred at
room temperature for 20 min, diluted with dichloromethane
and washed with cold 0.5% sodium bicarbonate solution.
Organic layer was dried over anhydrous sodium sulfate and
evaporated. The residue obtained was dissolved 1n acetoni-
trile (3 ml) and oxidizing solution (0.05 N 1odine 1n water
and pyridine, 8 ml) was added. After 30 min diluted with
dichloromethane and washed with cold 0.5% sodium sulfite
solution. The organic layer was dried over sodium sulfate
and evaporated. The residue was purified by silica gel
column chromatography to give 0.27 g of 13. *'P-NMR
(CD,CN): 0 -1.25, -1.06 ppm.

Removal of DMT from Compound 13.

To a solution of 13 (0.27 g) in dichloromethane (3 ml) was
added a solution of 2% DCA 1n dichloromethane (10 ml).
The reaction mixture was stirred at room temperature for 20
min and the reaction was quenched by the addition of
anhydrous ethanol (0.6 ml) and dry pyrnidine (0.9 ml). The
reaction mixture was diluted with dichloromethane and
washed with water. Organic layer was dried over sodium
sulfate and evaporated. The residue was coevaporated with
toluene to remove traces of pyridine and finally i1t was
purified by silica gel column chromatography to yield 0.17
g ol detritylated product 14.

Coupling of Second Spacer Amidite

In a similar manner as described for 13, compound 14
(0.17 g, 0.2 mmol) was coupled with spacer phosphoramid-
ite (0.125 g, 0.2 mmol) 1 dry acetonitrile (3 ml) in the
presence of tetrazole (42 mg, 0.6 mmol) which on oxidation
with 0.05 N 1odine solution gave the oxidized product 15
(0.18 g). Detritylation with DCA solution and purification by
s1lica gel column chromatography gave 0.12 g of compound
16.

Coupling of Compound 16 with Bifunctional Amidite 10.

In a similar manner as described above 45 mg (0.04
mmol) of compound 17 and 18 mg (0.04 mmol) of bifunc-
tional reagent were reacted in dry acetonitrile in the presence
of tetrazole (8.4 mg, 0.12 mmol) and the coupled product on
oxidation gave compound 17.

Conjugation ol Propargylamino-ddATP with Compound
17.

To a solution of compound 17 (20 mg) in DMSO (1 ml)
was added a solution of triphosphate in DMSO (1.5 ml)
containing 2-3 drops of water. The reaction mixture was
stirred at room temperature overnight and then treated with
concentrated ammonium hydroxide (8 ml). After 4 h evapo-
rated to a small volume, diluted with water and purified by
ion exchange column chromatography using a gradient of
0.1 M TEAB +40% acetonitrile to 1.0 M TEAB +40%

acetonitrile 1n one hour.

Example 5

Synthesis of FAM-T6-ddUTP

Commercially available FAM-CPG was used to synthe-
size a 3'-Fluorescein modified TTTTTT oligonucleotide.
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Latter was further extended by reaction with bifunctional
amidite 10. The NHS ester was then reacted with propargyl
amino dideoxyuridine triphosphate to give the labeled
OTNTP. After conjugation the oligo was unblocked from the
solid support by treating with conc. ammonium hydroxide
and purified by 10n exchange followed by reverse phase
column chromatography.

Example 6

Synthesis of
FAM-LpLpLpLpLpLpLpT*-Linker-ddUTP’s (Lp 1s
deoxyribose-3"phosphate)

Commercially available FAM support was extended on a
DNA synthesizer using abasic sugar methylphosphoramid-
ite. Oligo was further extended on the support using a
modified T amidite called T*, which contains a protected
amino functionalized group on the base which can be used
to attach an acceptor dye. Oligo was further extended with
amidite 10 and then reacted with an aminopropargyl ddUTP.
After cleavage from support and deprotection, OTNTP was
used for sequencing. To make an energy-transfer OTNTP,
the amino group of the T* can be reacted with a function-

alized acceptor dye as shown 1n FIG. 6.

Example 7
Sequencing of M13 Template using OTNTPs

Standard sequencing protocol for sequencing on ABI 377
Sequencer was used. Results are shown 1in FIGS. 7-10. In all
cases, terminators were incorporated and gave accurate
sequencing mnformation.

A sequence of M13mpl8 template DNA was generated

using standard “-40 primer. The reaction mixture (20 ul)
contained 200 uM each of dATP, dCTP, dTTP, and 1000 uM

dITP, ~500 nM of OTNTP, 2 pmol -40 primer, 200 ng
M13mp18 DNA. 20 units of Thermo Sequenase II or mutant
Tag DNA polymerase (Amersham Biosciences), 0.0008
units Thermoplasma acidophilum 1norganic pyrophos-
phatase, 50 mM Tris-HCI1 pH 8.5, 35 mM KCI and 5 mM
MgClL,.

The reaction mixture was incubated in a thermal cycler
for 25 cycles 01 95° C., 30 Sec; 60° C., 60 Sec. After cycling,
the reaction products were precipitated with ethanol using
standard procedures, washed, and resuspended 1in forma-
mide loading bufler. The sample was loaded on an Applied
Biosystems model 377 instrument and results were analyzed
using standard software methods.

It would be clear using the above examples that other like
nucleoside triphosphates, detectable labels (dye, energy-
transier dyes etc) may be attached to the normal or modified
oligonucleotides or like structures and used for sequencing
or other genetic analysis reactions.

All patents and publications mentioned 1n the specifica-
tion are indicative of the levels of skill of those skilled in the
art to which the mvention pertains. All references cited 1n
this disclosure are incorporated by reference to the same
extent as 1f each reference had been incorporated by refer-
ence 1n 1its entirety individually.

One skilled 1n the art would readily appreciate that the
present mnvention 1s well adapted to carry out the objects and
obtain the ends and advantages mentioned, as well as those
inherent therein. The nucleotides, dyes, substituents, and
target materials described herein as presently representative
of preferred embodiments are exemplary and are not
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intended as limitations on the scope of the invention.
Changes therein and other uses will occur to those skilled 1n
the art, which are encompassed within the spirit of the
invention, are defined by the scope of the claims.

It will be readily apparent to one skilled in the art that
varying substitutions and modifications may be made to the
invention disclosed herein without departing from the scope
and spirit of the mvention. For example, those skilled 1n the
art will readily recognize that the present OTNTPs can
incorporate a variety of modified nucleoside phosphates
(mono-, di-, tr1- etc), monomers or oligomers, different dye
moieties, linkers, attachment groups, and reactive groups,
and can be attached to a variety of different target materials.
Thus, such additional embodiments are within the scope of
the present mnvention and the following claims.

In addition, where features or aspects of the mnvention are
described 1n terms of Markush groups or other grouping of
alternatives, those skilled in the art will recognize that the
invention 1s also thereby described 1in terms of any indi-
vidual member or subgroup of members of the Markush
group or other group. Thus, additional embodiments are
within the scope of the mvention and within the following
claims.

What 15 claimed 1s:
1. An OTNTP comprising the structure

Formula 1

L, (N)n

O O X Lmker

\\/' \/ \/

/\/\/\/\<

wherein

R and R' independently represent H, OH, OCH,, CH;, N,
SH, NCO, NCS, SCN NH.,, F, CI or NR"R",

wherein R" and R™ independently represent H or a
small chain C1-C5 alkyl;

X represents O, S, CH; or BH;;

Base represents uracil, cytosine, thymine, adenine, gua-
nine, hypoxanthine, 2-aminopurine, 2,6-diaminopu-
rine, xanthene, deazaadenine, deazaguanine or an ana-
log thereof;

Ba.se

Linker represents a linear or branched alkynyl, alkenyl,
alkyl, alkylaryl, aryl, or arylalkyl contaiming one or
more heteroatoms selected from the groups consisting
of N, O, S and P, and 1s attached to the base;

N represents a ribose, deoxyribose, a natural or unnatural

deoxyribonucleoside or a natural or unnatural ribo-
nucleoside, wherein one or more of the N’s 1s labeled

with a fluorescent dye;
n represents an integer from 10 to 100; and

wherein each N 1s linked to at least one other N by
phosphodiester, phosphorothioate, alkyl phosphonate, or
other linkages.
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2. An OTNTP comprising the structure

Formula 1
(N)n
o Y 0o 0O 0O X Ligker
\ VAR VAR V/ o -
asc
S 07 N0 N0
R R’
wherein

R and R' independently represent H, OH, OCH,, CH,, N,
SH, NCO, NCS, SCN NH,, F, Cl or NR"R'",
wherein R" and R'" independently represent H or a

small chain C1-C5 alkyl

X represents O, S, CH; or BH;;

Base represents uracil, cytosine, thymine, adenine, gua-
nine, hypoxanthine, 2-aminopurine, 2,6-diaminopu-
rine, xanthene, deazaadenine, deazaguanine or an ana-
log thereof;

Linker represents a linear or branched alkynyl, alkenyl,
alkyl, alkylaryl, aryl, or arylalkyl containing one or
more heteroatoms selected from the groups consisting,
of N, O, S and P, and 1s attached to the base;

N represents a ribose, deoxyribose, a natural or unnatural
deoxyribonucleoside or a natural or unnatural ribo-
nucleoside, wherein one of the N’s 1s coupled to a
donor dye and another N 1s coupled to an acceptor dye
and there 1s energy transier between the donor and
acceptor when the donor dye 1s excited;

n represents an integer from 10 to 100; and

wherein each N 1s linked to at least one other N by
phosphodiester, phosphorothioate, alkyl phosphonate, or
other linkages.

18
3. An OTNTP comprising the structure

Formula 1

5
Nin
/( )
Linker

O Base

10

wherein

R and R"are both H;

X represents O, S, CH, or BH,;

Base represents uracil, cytosine, thymine, adenine, gua-
nine, hypoxanthine, 2-aminopurine, 2,6-diaminopu-
rine, xanthene, deazaadenine, deazaguanine or an ana-
log thereof;

15

20

Linker represents a linear or branched alkynyl, alkenyl,
alkyl, alkylaryl, aryl, or arylalkyl containing one or
more heteroatoms selected from the groups consisting
of N, O, S and P, and 1s attached to the base;

N represents a ribose, deoxyribose, a natural or unnatural
deoxyribonucleoside or a natural or unnatural ribo-
nucleoside,

25

30 optionally containing a detectable moiety;

n represents an integer from 10 to 100; and

wherein each N 1s linked to at least one other N by
phosphodiester, phosphorothioate, alkyl phosphonate, or
35 Other linkages.
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